Abstract. Experiments were performed to study effects of exogenous silicon (0, 2, and 8 mM) and pH stress (pH 3.0, 5.5, 8.0) on Festuca arundinacea. The effect on growth, photosynthetic pigments content and antioxidant enzymes activities were researched. Our results indicated that under pH 3.0 stress, above ground dry weight, the activities of catalase (CAT), peroxidase (POD) and chlorophyll content were maximum under the 2mM Si treatment and restrained under 8mM Si treatment. Under pH8.0 treatment, the plant height, the activities of APX, POD and chlorophyll content increased significantly with increase of the concentration of silicon treatment which were maximum under 8mM Si treatment, but the POD, dry weights of roots and above ground declined a little compared to 2mM Si treatment. It illustrates that under acid stress, the lower concentration of Si treatment is effective in alleviating the injury of plants under acid and alkali stress.
50 mM potassium phosphate buffer (PBS, pH 7.8). The homogenates were centrifuged at 15,000×g and 4˚C for 20 min, and the supernatants were used for assaying enzyme activity [19] .
CAT (EC 1.11.1.6) activity was measured by determining the decrease in the absorbance at 240 nm due to H 2 O 2 consumption, as described by Azevedo et al [20] . The reaction mixture contained 0.3 ml of H 2 O 2 (0.1 M), 1.5 ml of PBS (50 mM pH 7.8), 0.2 ml of the sample and 1 ml of distilled water.
POD (EC 1.11.1.7) activity was determined according to Bai et al [21] . with some modifications. The reaction mixture contained 1.0 ml of 0.3% H 2 O 2 , 1.0 ml of 0.05 M PBS (pH 7.8), 0.8 ml of 0.2% guaiacol, and 0.2 ml of the sample. The increase in absorbance at 470 nm during a 1min period was determined.
AXP (EC 1.11.1.11) activity was determined by measuring the decrease in the absorbance of ascorbic acid (ASA) at 290 nm [22] . The reaction mixture contained 2.7 ml of a mixture containing PBS (25 mM, pH 7.0) 0.1mL AsA (7.5 mM), 0.1 ml of the sample, and 0.1ml of H 2 O 2 (300mM). The oxidation of ascorbate was initiated by H 2 O 2 and was monitored for 3 min. One unit of APX activity was defined as the amount of enzyme oxidizing 1μM of ascorbate, and the extinction coefficient was 2.8 mM −1 cm −1 . Determination of Malondialdehyde (MDA). The thiobarbituric acid (TBA) test was used to determine MDA content for the measurement of membrane damage [23] . Plant samples (0.3 g) were homogenized in 2 ml cold phosphate buffer (pH 7.8, 50 mM), and then the solution was homogenized in 3 ml of 0.5% TBA in 5% trichloroacetic acid (w/v). Samples were heated at 100°C for 10 min, and quickly cooling, the homogenate was centrifuged at 4500×g for 10 min again. The absorbance was measured at 440, 532 and 600 nm, distilled water being used as a blank control. The concentration of MDA was calculated using the extinction coefficient of 155 mM −1 cm −1 and by correcting the specific absorbance at 600 nm of wavelength. Determination of Photosynthetic Pigments Content. Photosynthetic pigments were extracted using ethanol-acetone solution (v/v 1:2). The absorbance were read at 663nm, 645nm and 470nm respectively. The content of total chlorophyll, chlorophyll a, chlorophyll b and carotenoid were calculated by using the formula described by Lichtenthaler [24] .
Statistical Analysis. Data were analysed using of Student's t-test (Spss 19.0) and analysis of variance (ANOVA) and comparisons between the mean values were made by the least significant difference (LSD) test at p< 0.05, and a standard error (SE) was calculated.
Result
Effects of Si on the Growth of Festuca Arundinacea under Ph Stress. For pH8.0-treatment, the plant height significantly increased with the increase of Si concentration, but for pH3.0-treatment, the plant height showed lower increase (Table1). The plant height firstly increased and then decreased with the increase of Si concentration under the condition of pH5.5-treatment. When the Festuca arundinacea seedlings were treated with Si and pH 3.0 (or 8.0), the height augmented insignificantly compared with the plants were treated with the pH 5.5-treatment.
The acid stress and alkali stress affected dry weight (DW) of roots, stems and leaves insignificantly ( Table  1) . Under all pH treatment, the DW of above ground showed the tendency which increased first and then decreased with the increase of Si concentration and increased significantly in a moderate concentration of Si (2 mM) (P<0.05). The DW of above ground increased 54.2% under pH3.0 treatment, 48.7% under pH 5.5 treatment and 10.24% under pH8.0 treatment compared with those of the corresponding single treatments with pH (Table 1) . Si interacting with pH 3.0 (or 8.0) treatment has augmented plant height significantly compared with the plants were treated with the single pH 5.5.
When the plants were treated pH 3.0, the DW of roots decreased with addition of Si, but the diversity was not significant (P<0.05). When the plants were treated with pH 5.5(or 8.0), the DW of roots showed the tendency which increased first and then decreased with the increase of Si concentration, but the diversity was not significant. The result shows supplying Si affects insignificantly to the DW of roots, but is significantly positive with the DW of above ground. Effects of Si on the Antioxidant Enzymes Activities of Festuca Arundinacea under ph Stress. When Si was not applied, the POD, CAT and APX activities in leaves of tall fescue treated with pH 5.5 solutions were the hightest than the pH3.0 or 8.0 treatments. and for pH8.0-treatment, the POD, CAT and APX activities was lowest. Under pH3.0 stress, POD activities declined with the increase of Si concentration, but the difference is not significant (P<0.05). for pH5.5-treatment, POD activities in Si2 concentration were maximum and caused negative impact with Si8 concentration. Under pH8.0 stress, POD activities significantly improved with the increase of Si concentration (Figure 1) .
When Si was not applied, CAT activities were significantly restrained with pH 3.0 (or 8.0) treatment compared with pH 5.5 treatment (Figure 2 ). Under the same pH value condition, the CAT activities increased first and then decreased with the increase of Si concentration. for pH5.5-treatment, the CAT activities increased 24.7% and under pH8.0 treatment increased by 11.3%, but under pH3.0 treatment barely increased 1.3% compared with those of the control and the corresponding single treatments of pH. When the combined treatment of 2 mM Si and pH 3.0 (or 5.5) was used caused negative impact. The pH3.0 treatment decreased 15.5% and pH5.5 treatment decreased 2.3% (Figure 2 ). Si interacting with pH 8.0 treatment has significantly enhanced CAT activities.
When Si was not applied, APX activities were insignificantly restrained under pH 3.0 (or 8.0) stress (P<0.05). Under pH3.0 stress, APX activities enhanced in 2mM Si treatment and restrained in 8mM Si treatment, but the diversity was not significant. under pH5.5 treatment, APX activities improved 21.9% significantly in Si2 concentration and the APX activities in 8mM Si treatment were less than in 2mM Sitreatment( Figure 3 ). It illustrates it will cause negative impact with the increase of Si concentration. The APX activities improved when the combined treatment of 2 mM (8 mM) Si and pH 8.0 was used and in 8mM Si treatment significantly improved 10.1% compared with those of the control and the corresponding single treatments of pH. The result indicate Si interacting with pH3.0 (or 8.0) treatment can enhance APX activities, but it is not significant with pH3.0 treatment.
Effects of Si on the MDA Content of Festuca Arundinacea under pH stress. When Si was not applied, MDA levels were significantly improved under pH3.0 stress, but reduced under pH8.0 stress. for pH 3.0-treatment, the application of Si significantly reduced MDA content which decreased by11.0% in 2mM Si treatment and 20.6% in 8mM Si treatment (Table 2 ). Under pH5.5 treatment, the application of Si also reduced MDA content ,but it was not significant(P<0.05) ,which decreased by 2.6% in Si2 concentration and 10.5% in Si8 concentration. However, Under pH8.0 treatment, the MDA level significantly increased in 2mM Si treatment and8mM Si treatment compared with the single pH treatment and it was approximate in 2mM Si treatmentand 8mM Si treatment. Si interacting with pH3.0 treatment significantly decreased MDA content. (Table 3) . It showed the increase of Si concentration caused negative impact. for pH5.5-treatment, the Chl and carotenoid content in 2mM Si treatment was less than the single pH5.5 treatment and in 8mM Si treatment raised a little than it in 2mM Si treatment.Under pH8.0 treatment, the Chl and carotenoid content in 2mM Si treatment was also less than it in single pH8.0 treatment, but it in 8 mM Si treatment was more than it in single pH8.0 treatment. The Chl a content increased by14.8% in 8mM Si treatment compared with the single pH8.0 treatment. 
Discussion
The various physiological parameters of Festuca arundinacea have diversities in different pH treatments, but it has less effect under acid treatment than alkali treatment with stronger acid resistance. The application of Si alleviates the harm of plants under pH stress and the effect of Si in Festuca arundinacea has much difference under different pH stress.
The result shows under pH3.0 treatment, DW of above ground, the activities of CAT, APX and Chl Content were maximum under the 2mM Si treatment and will be restrained under 8mM Si treatment. The increase of DW of above ground, Chl content, carotenoid content and the decrease of MDA content was extremely significant. Chl and carotenoid are the principal pigment for photosynthesis in green plants. Their content can provide valuable information on physiological state of plants. Analysis of chlorophyll a fluorescence parameters is considered as an important approach for evaluating the health or integrity of the internal apparatus during photosynthetic process within a leaf and provides a rapid and accurate technique for detecting and quantifying the tolerance of plants to stress [25] . The application of Si could increase the antioxidant enzymes activities and decrease MDA contention. The POD, CAT and APX, as antioxidant anzymes, could eliminate hydrogen peroxide and reduce the toxicity, while the increase of the reactive oxygen species cause the lipid peroxidation [26] . MDA is a product of the peroxidation of unsaturated fatty acids in phospholipids. The change of MDA content has been widely used as an indicator of free radical damage to cell membranes [27] . The induced decrease of MDA content indicated Si application improved the Festuca arundinacea resistance. The POD activities and DW of roots decreased may caused by the too high Si concentration. Si distributed unevenly throughout the organ in different plants, some plants the Si concentration over ground is more than in the roots as rice [28] . But some plants the Si concentration over ground is far less than in the roots as the Trifolium incarnatum, the Si concentration in the roots is approximately eight times more than Si over ground. Festuca arundinacea belonging to grasses shows Si concentration underground is more than over ground. The Si Festuca arundinacea absorbed mostly accumulate in the roots, so the Si concentration over ground is lower and under ground is higher to cause the inhabited impact. It is unable to take up Si actively via the roots, even though the concentration in soil solution is high, and, therefore, fail to accumulate high Si in the tops and to benefit from Si. So, with low Si uptake, foliar application has been attempted [29] .
Under pH5.5 treatment, the plant height, DW of roots, DW of stems and leaves, the activities of APX, POD, CAT were all maximums in 2mM Si treatment, but the chl and carotenoid contention decreased in 2mM Si treatment. Previous experiences illustrated Si did not have effects in the plants chl under the normal growth condition, barely had protective effect in the plants chl under stress [30] .
Under pH8.0 treatment, the plant height, the activities of APX, POD, Chl and carotenoid content increased significantly with increase of the concentration of silicon treatment which were maximum under 8mM Si treatment. The study showed under pH8.0 treatment, Festuca arundinacea needed more Si to alleviate the harm by the stress, because the Festuca arundinacea suffer more harm under alkali stress possibly. The Chl content was lower in 2 mM Si treatment than in single pH8.0 treatment as former studied, the low Si concentration applied did not improve the Chl content and as the increase of Si concentration, the Chl content increased first then decreased [31] . The lower level of CAT activities in 8mMSi treatment than 2mM Si treatment is in agreement with the results of the previous experiment that showed the activity of SOD, GPX, APX, DHAR and GR in salt-stressed cucumber leaves was increased by Si addition, however, an increase in CAT activity was not observed [32] .
The study illustrated that the lower concentration of Si treatment is effective in alleviating the injury of plants under acid and alkali stress. The Si fertilization can be applied in Festuca arundinacea according to the environment pH value to enhance its growth.
